Effect of Antibiotics on Serum PSA and %f-PSA in Prostate Cancer Suspects Urol Int 2008; 80:186-192 187 tional Institutes of Health category IV prostatitis on serum PSA levels [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . Moreover, few data are available on changes in PSA values after antibiotic treatment of patients with asymptomatic prostatic inflammation and elevated PSA values as a diagnostic tool for prostate cancer screening [25] [26] [27] [28] [29] [30] .
Intraindividual physiological variations in PSA and %f-PSA levels have been reported [31] [32] [33] [34] [35] . Therefore, PSA measurements must be repeated before performing prostate biopsies for elevated PSA values to avoid unnecessary biopsy procedures. However, many urologists hesitate to perform a prostate biopsy because of variations in these parameters between repeated measurements, especially in patients who have already undergone a first benign biopsy diagnosis. It is not fully understood what causes the physiological variation in serum PSA, and we speculate that subclinical prostatic inflammation may contribute to the variations.
Therefore, we investigated the effects of antibiotic treatment on serum PSA and %f-PSA levels and their variations in individuals with asymptomatic prostatic inflammation to investigate its feasibility in improving screening accuracy of prostate cancer.
Patients and Methods
From September 2003 to June 2005, 178 men with PSA levels 1 4 ng/ml were referred for urological evaluation. Those with acute urinary infection, acute urinary retention, suspicious results of digital rectal examination, and steady rises in repeated PSA measurements were excluded from the study, leaving 65 men (mean age 68.5 years) for whom we hesitated to perform prompt biopsy because their PSA values rose and fell inconstantly in repeated measurements. These men were assessed for a laboratory sign of prostatitis, although none of them had a clinical sign of prostatitis in subjective symptoms or objective findings on digital rectal examination. To identify asymptomatic inflammation in the prostatic tissue, we used the pre-and post-prostatemassage test introduced by Nickel [36] . Briefly, after first urination, the patients provided another urine specimen (substitution for voiding bottle 3; VB3) following vigorous prostate massage. The specimen was microscopically examined, and asymptomatic prostatic inflammation was defined as the presence of 1 10 white blood cells/high-power field in VB3. Consequently, 51 patients with positive VB3 results entered the study and received levofloxacin 300 mg/day for 4 weeks. PSA and %f-PSA were measured before and 4 weeks after completion of the treatment. PSA and %f-PSA change rates after antibiotic treatment were calculated as follows: PSA change rate (%) = ( ⌬ PSA/baseline PSA) ! 100, ⌬ PSA = posttreatment PSA -baseline PSA; %f-PSA change rate (%) = ( ⌬ %f-PSA/baseline %f-PSA) ! 100, ⌬ %f-PSA = posttreatment %fPSA -baseline %f-PSA.
Considering the physiological variations in PSA and %f-PSA [29] [30] [31] [32] [33] [34] [35] 37] , changes 1 20% were considered meaningful. When the posttreatment PSA value decreased 1 20% from baseline, antibiotic treatment was considered effective, and the patient was defined as a responder. A prostate biopsy was recommended to patients who failed to obtain a PSA response, especially when they had not undergone biopsies within 1 year before study entry. In addition, even responders were encouraged to undergo a prostate biopsy, when the PSA level stayed at 10 ng/ml or higher which is considered a range of a high incidence of having cancer. In ultrasound-guided transperineal systematic biopsies, the prostate volume was measured, and samples from 10 to 18 cores were obtained.
Physiological variation was defined as the mean coefficient of variation (CV) of PSA and %f-PSA. The CV was calculated by dividing the standard deviation of the repeated values by the mean values. Total PSA and %f-PSA were monitored every 3 months before and after the posttreatment measurement over 1 year. If biopsies were performed during this period, measurements were done no less than 90 days after the biopsies. All patients were provided with a detailed explanation of the study, and written informed consent was obtained.
One pathologist made all pathological diagnoses. The degree of prostatic inflammation was evaluated on the basis of intensity and extent. The intensity of the inflammation in each specific location was categorized into three grades: 1 = mild; 2 = moderate, and 3 = severe, according to the classification system of prostatic inflammatory changes [38] . The most severe grade throughout the specimens was recorded as the inflammation intensity in each case. The extent of inflammation was expressed as percentage of positive cores which was calculated as the ratio of positive cores to the total obtained cores multiplied by 100.
PSA and %f-PSA Determinations
We measured total and free PSA using Tandem-R TM , a monoclonal assay with a lower limit of detection of 0.1 ng/ml. The %f-PSA was calculated as the ratio of free to total PSA multiplied by 100. The intra-assay CV fluctuated between 1.55 and 8.47% (obtained by 40 measurements of PSA levels ranging from 0.55 to 211.16 ng/ml), and the interassay CV fluctuated between 1.69 and 5.04% for total PSA (obtained by 20 measurements of PSA levels ranging from 0.57 to 41.59 ng/ml). Regarding free PSA, the intraassay CV fluctuated between 1.75 and 3.70% (obtained by 15 measurements of PSA levels ranging from 1.31 to 11.60 ng/ml), and the interassay CV fluctuated between 1.69 and 5.04% (obtained by 16 measurements of PSA levels ranging from 1.31 to 11.76 ng/ ml). Serum provided by the manufacturer (PSA diluted by fetal bovine serum with phosphate buffer to concentrations of 0.3, 3, and 40 ng/ml) served as the quality control material and was monitored on a daily basis to confirm assay stability. Sera were collected and assayed on the same day using the same lot of reagents which were changed every 2 weeks. The cutoff values were 4.0 ng/ml for total PSA and 25% for %f-PSA.
Statistics
The results are expressed as mean 8 SD. The data were analyzed by Wilcoxon test for related data, Mann-Whitney U test for independent data, and chi-square analysis. These analyses were performed using StatView 5.5 software. Results were considered statistically significant when p ! 0.05.
Results
All VB3-positive patients were treated with levofloxacin. A PSA level decrease was observed in 33 of the 51 patients (65.1%), while 14 of the 51 patients (27.4%) showed a rise in PSA levels after antibiotic treatment. The PSA levels did not change in 4 patients. A treatment PSA response defined as a 1 20% decrease from baseline was achieved in 15 cases (29.4%), in whom the PSA values markedly decreased (p = 0.0007) from 12.92 8 10.71 to 7.00 8 5.87 ng/ml after treatment. Of 15 responders, a PSA decrease below the cutoff value of 4 ng/ml occurred in 5 patients, while PSA value did not fall to ! 10 ng/ml in 1 patient. As shown in table 1 , the overall PSA values decreased significantly after antibiotic treatment (p = 0.0088), while the %f-PSA values did not change. A similar trend was observed in the CV of PSA and in the CV of %f-PSA changes, i.e., a significant decrease was observed in the CV of PSA, but not in the CV of %f-PSA after antibiotic treatment.
The clinical characteristics of the groups according to treatment PSA response were comparable, except for the pretreatment CV of PSA. The pretreatment CV of PSA was significantly higher in responders than that in nonresponders (p = 0.0279; table 2 ).
Consequently, prostate biopsies were performed in 40 (78.4%) of the 51 VB3-positive patients. Eleven patients (6 responders and 5 nonresponders) did not undergo prostate biopsy. Thus, 5 patients (9.8%) did not follow the aforementioned biopsy criteria, and in whom extended PSA follow-up is preferred.
Of the 40 biopsied patients, cancer was diagnosed in 9 (22.5%) and noncancer in 31 (normal prostatic tissue in 14, BPH in 9, atypical adenomatous hyperplasia in 5, or prostatic intraepithelial hyperplasia in 3 cases, none of them was high grade). An association between histological profile and treatment outcome was examined ( table 3 ). Although all responders who underwent prostate biopsies turned out to have no cancer, the case distribu- tion as a function of treatment response and histological outcome did not reach statistical significance (p = 0.0897). Prostatic inflammatory foci were detected in all patients examined. Most of the inflammatory foci in the prostatic tissues were graded as mild to moderate. The relations between degree of inflammation and treatment response or histological characteristics were examined ( table 4 ). Only samples from 27 patients obtained before antibiotic treatment were used in this analysis to avoid a possible effect on inflammatory findings by the treatment. Percent positive cores with inflammation were significantly more often present in responders as compared with nonresponders (p = 0.0194), whereas the grade of inflammation did not differ, regardless of the treatment response. There was no difference in the inflammatory extent between cancerous and noncancerous tissues. Finally, the effect of antibiotic treatment on inflammatory findings in the prostatic tissue was examined ( table 5 ) . Among the treated cases, samples obtained both before and after treatment were available from 10 patients. The percent positive cores of inflammation decreased markedly following treatment (p = 0.025), while the inflammatory grade did not change.
Discussion
When a patient has biochemical criteria arguing for prostate biopsy, many urologists prefer to repeat PSA measurements to confirm an increase in the value before performing a biopsy. Nevertheless, we often encounter difficulties in interpreting the measurements when the values fluctuate. This variation is thought to be partly the result of intraindividual physiological variation, ranging from 6.2 to 58%, depending on sampling interval and subjects [37] .
Although controversy remains, some investigators reported that subclinical prostatic inflammation could cause an increase in PSA values [9-13, 15, 16, 20, 21, 24] . However, less attention has been paid to this nonacute type of inflammation which could be a more common phenomenon among the screened population as compared with acute prostatitis. Therefore, the effect of subclinical inflammation on the PSA value is of great interest with respect to improving screening accuracy.
Thus far, little is known about the effect of antibiotic treatment on PSA levels for prostate cancer screening. Potts [25] reported that the PSA value returns to the normal range in 43% (22/51) of the patients with laboratory signs of prostatitis (positive VB3 result) after antibiotic treatment and recommended that screening for National Institutes of Health category IV prostatitis should be considered in men with an elevated PSA value. Karazanashvili and Managadze [26] reported that antibiotic treatment led to a decrease of over 6% from the baseline PSA value in 80% (49/61) of the patients with prostatic inflammation and a PSA value of between 4 and 10 ng/ml, indicating that it is a reproducible method for reducing the number of unnecessary biopsies. Lorente et al. [27] treated 45 patients with a history of lower urinary tract infection with antibiotics, resulting in a significant decrease in the PSA value and in an increase in the %f-PSA value in those with prostatitic foci associated with BPH but not in those with BPH without prostatitis or cancer in the sub- Inflammation was categorized into three grades: 1 = mild, 2 = moderate, and 3 = severe, according to the classification system of prostatic inflammatory changes [38] . Percent positive cores were calculated as the ratio of positive cores to the total obtained cores multiplied by 100. No cancer includes normal prostatic tissue, BPH, prostatic intraepitherial hyperplasia, and atypical adenomatous hyperplasia. sequent biopsy specimen. Bozeman et al. [28] reported that the PSA level decreased by 36% from the baseline value after treatment with antibiotics and nonsteroidal anti-inflammatory agents in 95 men with chronic prostatitis and that almost half achieved a normal PSA value and no longer required prostate biopsy. Erol et al [30] suggested antibiotic treatment in patients with elevated PSA levels to discriminate between benign and malignant prostate pathologies, reporting that treatment for a subclinical prostatitis likely resulted in a PSA level decrease which was significant only in benign conditions. According to these limited reports, antibiotic treatment may cause a decrease in the PSA value in patients with subclinical prostatic inflammation and seems to favor screening efficiency. Thus, we investigated whether not only the effect of antibiotic treatment on serum PSA and %f-PSA levels but also possible variations in these parameters resulting from antibiotic treatment contribute to correct interpretation in enhancing the efficiency of prostate biopsies. Similar to previous reports, the overall PSA level decreased significantly after antibiotic treatment in patients with subclinical prostatic inflammation. Pretreatment CVs of PSA and %f-PSA were equal to those reported previously [31] [32] [33] [34] [35] 37] . However, it is of note that the variation in PSA levels significantly decreased after antibiotic treatment. Moreover, the variation in pretreatment PSA levels was higher in responders who had a marked PSA decrease after antibiotic treatment ( table 1 ) . These findings suggest that subclinical prostatic inflammation would be one of the contributors to the physiological variations in PSA values. Thus, repeated PSA measurements would be more accurate when the PSA variation is diminished following antibiotic treatment. By contrast, antibiotic treatment did not affect either the %f-PSA or its variation. Therefore, repeated %f-PSA measurements seem irrelevant as a diagnostic tool under antibiotic treatment.
Approximately 30% of our treated patients achieved a significant decrease in the PSA values, i.e., more than a 20% decrease from the baseline level which is beyond the range of the mean physiological variation [37] . One might suggest that such a definition of the PSA response on the basis of one measurement after antibiotic treatment would be a problem in patients with fluctuating PSA values. However, the majority of the patients did not show a PSA increase but a decrease after antibiotic treatment, and the variation in PSA levels was significantly lowered after treatment. Therefore, we considered that more than a 20% decrease in PSA levels from baseline was not a sign of physiological variation, but caused by the treatment itself.
To the best of our knowledge, no study has ever analyzed the association between treatment response in PSA levels and inflammatory degree in the prostatic tissue. The inflammatory intensity was generally mild in subclinical prostatitis. The treatment response was associated with the inflammatory extent but not with the intensity. Moreover, the inflammatory extent was significantly lower in the prostatic tissues obtained following antibiotic treatment than in tissues obtained prior to the treatment in the same individual. Taken together, we can speculate that antibiotic treatment results in a decrease in PSA levels, when mild inflammation is present extensively in the prostatic tissue. On the other hand, the PSA response after antibiotic treatment was not a definitive predictor of histological characteristics ( table 3 ) . This is probably because subclinical prostatic inflammation has less impact on the PSA values as compared with a malignant condition, even though there was no difference in the inflammatory extent between cancerous and noncancerous tissues. However, it should be noted that all cases showing a PSA treatment response turned out to be noncancerous which may suggest that prostate biopsies could be postponed in such cases. This finding concurs with the recent findings of Erol et al. [30] , reporting that a significant decrease was seen in PSA levels in patients of the antibiotic treatment group with a histological diagnosis of inflammation and BPH instead of cancer. Since this was not the case among parallel subgroups in the nontreatment group, the authors concluded that the PSA response to antibiotic treatment was discriminating between benign and malignant conditions of the prostate.
The main limitation of the present study was that prostate biopsies were not performed in all cases, especially in those in whom the PSA values decreased after antibiotic treatment. Therefore, lowering the PSA values may not completely preclude performing a prostate biopsy to rule out the presence of cancer.
Conclusions
Subclinical prostatitis is a significant factor contributing to an increase in PSA values among patients screened for prostate cancer and may also contribute to a physiological variation in the PSA levels. It appears that antibiotic treatment may provide more acceptable initial treatment rather than proceeding directly to prostate biopsy in patients with a laboratory sign of prostatitis who show a fluctuating PSA elevation in repeated measurements. Prostate biopsies could be postponed and the patients managed with watchful observation, if antibiotic treatment leads to a significant decrease in PSA values and their variations. Further long-term follow-up studies are necessary in a large cohort of patients to define whether prostate biopsy can be excluded in such cases.
